Uma reação simples e seletiva para a preparação de fenóis iodados foi desenvolvida e derivados fenólicos contendo substituintes eletroretiradores foram iodados em rendimentos muito bons sob condições relativamente brandas.
Introduction
In the course of our research envisioning the preparation of silylaryl triflates to produce arynes under mild reaction conditions, 1 employing halophenols as starting materials, 2 we came across a broad arsenal of methods for producing 2-iodophenols. [3] [4] [5] On the other hand, when we idealized the preparation of 2,6-diiodophenols for the same purpose, we noted a lack of simple, efficient and selective procedures for the preparation of such compounds. 3, 5, 6 Among the approaches to the synthesis of halogenated phenols, [3] [4] [5] [6] the electrophilic iodination using iodide or iodine in combination with an oxidizer has stood out. 5 Independently of the synthetic methodology used to prepare the halophenols, they can be considered of great importance in synthetic organic chemistry, finding application, for example, in the preparation of 2-(trimethylsilyl)aryl triflates, which involves halophenol derivatives in metal-halogen exchange reations, 1, 2 and in the synthesis of oxygenated heterocyclic compounds via palladium-catalyzed transformations. 7 2-(Trimethylsilyl) aryl triflates are useful aryne precursors 1, 2 and oxygenated heterocyclic compounds are in some cases biologically active substances 8 or natural products. 9 Accordingly, having in mind our necessity for 2,6-diiodophenols, that are convenient starting materials in benzyne chemistry, along with the significant applicability of halophenols in the preparation of heterocycles, we focused on development of a straightforward and highly selective methodology for the preparation of 2,6-diiodophenols, in order to obtain these compounds in good yields under mild reaction conditions, which include molecular iodine as the iodine source of choice, aqueous hydrogen peroxide as a safe and environmentally accepted oxidizer and water as a non flammable and innocuous solvent. In this work we disclose our findings concerning the synthesis of iodinated phenols using the already mentioned reaction conditions in full details.
Results and Discussion
In view of the convenient protocol reported by Jereb and co-authors for monoiodination of phenols using iodine and hydrogen peroxide, 3 we decided to explore such reaction conditions aiming to the selective preparation of 2,6-diiodophenols in water ( Table 1) .
As can be seen in Table 1 , allowing phenol (1a) to react with 0.5 equivalent of iodine and 1 equivalent of hydrogen peroxide in water at room temperature for 24 h, 2,6-diiodophenol (2a) and 2-iodophenol (3) were isolated in yields of 21 and 49%, respectively (entry 1, Table 1 ). In an attempt to prepare 2,6-diiodophenol (2a) in a better yield and with higher selectivity, subsequent work focused on optimization of these reaction conditions (Table 1) . When the transformation was carried out using 0.75 equivalents of iodine and 1.5 equivalents of hydrogen peroxide, Vol. 21, No. 4, 2010 compound 2a was obtained in a moderate yield of 46%, whereas compound 3 was isolated in a 31% yield (entry 2). By using 1 equivalent of iodine and 2 equivalents of hydrogen peroxide, 2,6-diiodophenol (2a) was prepared in a good yield of 76% and compound 3 in only 10% yield (entry 3). When we carried out the reaction employing 1.5 equivalents of iodine and 3 equivalents of hydrogen peroxide, 2,6-diiodophenol (2a) was isolated in an 83% yield and 2-iodophenol was obtained in only 12% yield (entry 4). No significant improvement in the isolated yield of 2,6-diiodophenol (2a) and in the selectivity of the reaction were obtained when we allowed phenol (1a) to react with 2 equivalents of iodine and 4 equivalents of hydrogen peroxide in water at room temperature for 24 h (entry 5). As can be seen in Table 1 , entry 6, both compounds 2a and 3 were not obtained and the starting material 1a was recovered when the reaction was carried out in the absence of hydrogen peroxide. This experiment shows that the success of our reaction depends dramatically on the presence of the oxidizer. Besides, the transformation was notably less selective when we decreased the amount of hydrogen peroxide or the reaction time (entries 7 and 8, Table 1 ).
It is noteworthy the formation of ortho iodinated phenols (2a and 3) when phenol (1a) is allowed to react with iodine and hydrogen peroxide in water at room temperature (Table 1) . However, the same selectivity has been observed for monoiodination of phenol using I 2 /H 2 O 2 / H 2 O. 3 Presumably the species responsible for the iodination interacts with the phenolic hydroxyl group directing the attack to the ortho positions of the phenol (1a), leading to the production of 2,6-diiodophenol (2a) and 2-iodophenol (3). Although, 2,4-diiodophenol and 4-iodophenol were not produced, 2,4,6-triiodophenol was obtained in trace amount when the reaction was carried out using excess of iodine (entries 4 and 5, Table 1 ). In addition, when the reaction depicted in entry 4, Table 1, was performed at  50 o C, 2,4,6-triiodophenol was produced in considerable amount according to the GC/MS analysis.
Afterwards, when we subjected 4-hydroxyacetophenone (1b) to the optimal conditions shown in Table 1 , entry 4, we isolated 4-hydroxy-3,5-diiodoacetophenone (2b) in only 15% yield and 4-hydroxy-3-iodoacetophenone (4) in a 65% yield (Scheme 1).
In the attempt to prepare 2b as the major product, we performed the reaction depicted in Scheme 1 at 50 o C and isolated the compound 2b in a 92% yield (entry 2, Table 2 ). In this slightly higher temperature iodophenols bearing electron withdrawing substituents were produced in excellent yields (Table 2) .
In order to examine the scope and limitations of the process, allowing 4-nitrophenol (1c) to react with 1.5 equivalents of iodine and 3 equivalents of hydrogen peroxide in water at 50 o C for 24 h, 2,6-diiodo-4-nitrophenol (2c) was obtained in a very good yield of 80% (entry 3, Table 2 ). When 4-chlorophenol (1d) was subjected to the iodination reaction using the same conditions, 4-chloro-2,6-diiodophenol (2d) was isolated in an excellent 93% yield (entry 4). By using 2-bromophenol (1e), which is blocked at the 2-position with an electron withdrawing substituent, we obtained 2-bromo-4,6-diiodophenol (2e) in a 90% yield (entry 5). Accordingly, the reaction between 2,6-dichlorophenol (1f) and iodine in the presence of hydrogen peroxide gave 2,6-dichloro-4-iodophenol (2f) in a 95% yield (entry 6). The treatment of 4-methoxyphenol (1g) with iodine and hydrogen peroxide in water did not lead to the formation of the desired product 2g (entry 7). In this reaction the starting material was completely consumed and a mixture of non identified substances was produced. The transformation shown in Table 2 , entry 7, was also performed at room temperature to give roughly the same results. No attempts were made to optimize this reaction.
The structures of compounds 2a-f, 3 spectra. All substances produced (2a-f, 3 and 4) were previously synthesized by other synthetic methodologies and provided melting point values and spectral data which are in accordance with those already published.
Conclusions
In summary, a simple, efficient and selective reaction for the preparation of iodophenols was developed and phenol derivatives containing electron withdrawing groups were iodinated in very good yields under relatively mild conditions which include the use of water as solvent. C at 125 MHz). The spectra were taken in deuterated solvents and the chemical shifts were given in ppm using residual undeuterated solvents or tetramethylsilane (TMS) as internal standard. Low-resolution mass spectra were obtained on a Shimadzu CG-17A/CGMS-QP5050A instrument. Near-IR spectra were obtained on a Bomem MB-100 spectrometer. All melting point values are uncorrected. All reagents and solvents were used as obtained commercially. Column chromatography separations were carried out using 70-230 mesh silica gel 60.
Experimental

General methods
General procedure
To a solution of the appropriate phenol (1a-g) (2 mmol) and iodine (0.7620 g, 3 mmol) in distilled water (10 mL) was added hydrogen peroxide (0.68 mL of a 30% (m/v) aqueous solution, 6 mmol). The mixture was stirred at room temperature or at 50 o C for 24 h. Afterwards, a 10% (m/v) sodium thiosulfate aqueous solution (10 mL) was added to the mixture, which was extracted with dichloromethane or ethyl acetate (3×20 mL). The organic phase was dried over MgSO 4 . After filtration, the solvent was evaporated under reduced pressure. The residue was purified by column chromatography on silica gel using a mixture of hexane/ dichloromethane (1/1) unless otherwise indicated, affording the desired product (2a-f, 3 and 4). 
2,6-Diiodophenol (2a) (CAS number
2-Iodophenol (3) (CAS number: 533-58-4)
Yield 0 
4-Hydroxy-3,5-diiodoacetophenone (2b) (CAS number: 7191-55-1)
The eluent used was dichloromethane; yield 0. (2) by the reaction of phenols (1) 
